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(54) Image forming apparatus 

(57) An image forming apparatus having a colorim- 
eter for measuring density or color of an image, and 
capable of carrying out calibration with high accuracy. In 
the image forming apparatus, a test image, and a first 
reference line and a second reference line for defining a 
position of the test image on an image receiving paper, 
are exposed and formed on a photosensitive material. 
The first reference line and the second reference line 
formed on the image receiving paper are detected by a 
reflective photosensor so that a position at which the 
test image is formed on the image receiving paper is 
automatically determined. As a result, test image data, 
which is stored in advance in the image receiving appa- 
ratus, and a measurement position, at which measure- 
ment is carried out by a colorimetry apparatus, can be 
made to correspond to each other accurately. Further, 
the colorimetry apparatus is built-in into the image form- 
ing apparatus, thus allowing a series of operations 
needed for calibration to be performed automatically. 
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Description 

Background of the Invention 

Field of the Invention s 

[0001] The present invention relates to an image 
forming apparatus, and more particularly to an image 
forming apparatus equipped with a calibration function 
as follows. On the basis of test image data for calibra- w 
Won which is stored in advance in the image forming 
apparatus, a photosensitive material is irradiated with a 
light beam so as to be exposed. The photosensitive 
material and an image receiving material are super- 
posed together and conveyed while contacting a heat* is 
developing drum so as to be subjected to heat-develop- 
ing processing. A test image is thereby formed on the 
image receiving paper. On the basis of this test image, 
the calibration function corrects density or color uneven- 
ness of test image caused by non-uniformity of temper- 
ature at the surface of the heat-developing drum. 

Description of the Related Art 

[0002] Conventionally, there has been proposed an 
image forming apparatus by a heat-developing/transfer- 
ring recording system in which a photosensitive material 
is irradiated with a laser beam on the basis of image 
data so as to be exposed. The exposed photosensitive 
material and an image receiving material are made to 
contact a heat-developing drum in a state of being 
superposed with each other, and are subjected to heat- 
developing processing. An image is thereby transferred 
onto the image receiving material. 
[0003] With this image forming apparatus by the 
heat-developing/ transferring recording system, there 
are cases in which there is non-uniformity of tempera- 
ture in an axial direction of the heat-developing drum 
which performs the heat-developing processing. Such 
n on -uniformity of temperature leads to density uneven- 
ness (color unevenness in a case of a color image) in 
the formed image. Namely, an image which should be 
expressed at a single density is formed on the image 
receiving paper at different densities which differ from 
each other in accordance with the position at which the 
image receiving paper contacts the heat-developing 
drum. As a result, it is impossible to obtain a high quality 
image. Further, there are cases in which density une- 
venness is caused due to changes in environmental 
temperature or humidity, or instrumental error, paper 
quality even in a laser printer, an ink jet printer, or the 
like. 

[0004] Generally, reproducibility and stability of 
density are required, namely, an image whose density 
data is the same is desired to be formed at the same 
density. For this reason, calibration is of great impor- 
tance in the image forming apparatus. 
[0005] tn order to perform calibration, test image 



data for calibration is usually stored in advance in the 
image forming apparatus. 

[0006] In carrying out calbration in the image form- 
ing apparatus by the heat-developing/transferring 
recording system, for example, first, on the basis of the 
test image data, a test image which comprises a plural- 
ity of patches of different densities (colors in the case of 
color printing) is printed on an image recording material. 
The image recording material having this test image 
printed thereon is inserted into a calibrator which meas- 
ures the density or the color of the printed test image. 
Further, in comparing results of this measurement with 
the test image data for calibration stored in advance in 
the apparatus, the position of the image recording mate- 
rial having the test image printed thereon and the posi- 
tion data of the test image data for calibration stored in 
advance (i.e., the address in the memory) are made to 
correspond to each other. Namely, an image writing 
position (the position at which a laser head which out- 
puts a laser beam is disposed) and a processing posi- 
tion (where the heat-developing drum is disposed) are 
identified. 

[0007] Thereafter, density (or color) unevenness is 
detected by comparing the results of measurement of 
the density or color, with data that corresponds to the 
measurement position of the test image stored in 
advance. Further, a correction value which offsets this 
density (or color) unevenness is computed. Then, dur- 
ing image forming processing after calibration, test 
image data which is stored in advance is corrected by 
using the computed correction value. On the basis of 
the corrected image data, the photosensitive material is 
irradiated with a light beam. Namely, the exposure 
amount for the photosensitive material is corrected on 
the basis of the position where the photosensitive mate- 
ria! contacts the heat-developing drum during heat- 
developing processing, and density (or color) uneven- 
ness of an image to be formed, which unevenness is 
caused by non-uniformity of temperature at the surface 
of the heat-developing drum, is thereby corrected. 
[0008] However, since the calibrator has conven- 
tionally been provided at an exterior of the image form- 
ing apparatus, each time when calibration is carried out 
the calibrator must be set manually. Accordingly, there 
have been cases in which the position, at which the 
image recording material having the test image printed 
thereon is inserted into the calibrator, deviates from an 
accurate position. Further, the calibrator does not have 
a function of identifying the position where the image 
recording material having the test image printed ther- 
eon is inserted into the calibrator. Moreover, in the cali- 
brator provided at the exterior of the image forming 
apparatus, there have been cases in which measure- 
ment errors are caused by affection of external light or 
temperature difference inside or outside the image 
forming apparatus, if the image recording material hav- 
ing the test image printed thereon is not inserted into 
the caltorator at an accurate position, it is impossible to 
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have the measurement position of the calibrator and 
position data of the test image data which is stored in 
advance correspond to each other accurately. As a 
result deviation is caused between the position of meas- 
urement by the calibrator and the position where cali- $ 
bration is carried out (the position at which image data 
is exposed and which corresponds to a position where 
non-uniformity of temperature is caused at a surface of 
the heat-developing drum). Thus, highly-accurate cali- 
bration has not been realized by such a conventional ro 
image forming apparatus. 

[0009] On the other hand, there has been adopted 
a method in which marks for detection are applied to the 
image recording material having the test image printed 
thereon so as to detect a conveying direction position of is 
the image recording material having the test image 
formed thereon. However, in this case as well, since 
only the position, in the conveying direction, of the 
image recording material having the test image printed 
thereon has been identified, the image recording mate- 20 
rial having the test image printed thereon could only be 
aligned properly in an axiat direction of the heat-devel- 
oping drum by chance. Namely, the measurement posi- 
tion by the calibrator and the correction position could 
not correspond to each other exactly. 25 

SUMMARY OF THE INVENTION 

[001 0] It is an object of the present invention to pro- 
vide an image forming apparatus having a highly accu- 30 
rate calibration function which, on the basis of a test 
image which is recorded on a recording material in 
accordance with test image data for calibration which is 
stored in advance in a memory, is able to correct density 
unevenness or color unevenness of an image. The den- 35 
sity or color unevenness is caused by environmental 
changes such as change of temperature/humidity, 
instrumental error, paper quality as a recording mate- 
rial, change of the recording materials with elapse of 
time, and the like, or specification difference. In the 40 
image forming apparatus of the present invention, an 
image is recorded on the recording material by each of 
recording systems such as a scanning and exposure 
system by irradiation of a laser beam, a recording sys- 
tem with ink jet spraying, a heat-developing/recording 45 
system in which an image is formed by performing heat- 
developing/transferring processing by laminating a pho- 
tosensitive material and an image receiving material to 
each other, and the like. 

[0011] A first aspect of the present invention is an so 
image forming apparatus for forming an image on a 
recording material, having a calibration system, the cal- 
ibration system comprising: storing means for storing 
test image data for calibration; image recording means 
for, on the basis of the test image data stored in ss 
advance by the storing means, recording a test image 
on the recording material; measuring means for meas- 
uring density or color of the test image recorded on the 



recording material by the image recording means; and 
correction means for, on the basis of the results of 
measurement by the measuring means, correcting den- 
sity unevenness or color unevenness of the test image. 
[0012] In accordance with the first aspect of the 
present invention, test image data for calibration is 
stored in advance in the storing means. In carrying out 
calibration, test image data is read from this storing 
means. On the basis of the test image data, a test 
image is recorded on the recording material by the 
recording means. 

[0013] Density or color of the test image recorded 
on the recording material is measured by the measuring 
means. On the basis of the results of measurement by 
the measuring means, density unevenness or color 
unevenness is corrected by the correcting means. 
[0014] In the first aspect of the present invention, 
since the image forming apparatus is equipped with all 
of the program made up of a software structure as well 
as a hardware structure which are necessary for such a 
calibration as described above, when calibration is car- 
ried out it is unnecessary to prepare a measuring device 
separately. Further, since calibration is carried out 
within an ordinary conveying system, positioning of the 
recording material is thereby facilitated. 
[0015] A second aspect of the present invention is 
an image forming apparatus according to the first 
aspect of the present invention, wherein the correcting 
means compares the results of measurement by the 
measuring means and the test image data stored in 
advance in the storing means for each of measuring 
positions at which density or color of the test image is 
measured, and determines a correction value of density 
unevenness or color unevenness at each measuring 
position. 

[0016] According to the second aspect of the 
present invention, density or color of the test image is 
stored in advance in the storing means to be corre- 
sponded to a measurement position by the measuring 
means. Accordingly, a correction value can be deter- 
mined at each of the measurement positions so that 
highly accurate correction of density unevenness or 
color unevenness can be performed. 
[0017] A third aspect of the present invention is an 
image forming apparatus having a calibration function 
for correcting density or color unevenness of an image, 
caused by non-uniformity of temperature on a surface of 
a heat-developing drum, on the basis of test image 
which is recorded on a recording material in accordance 
with test image data for calibration: detecting means for 
detecting marks which are formed on the recording 
material and which specify a position of the test image; 
measuring means for, on the basis of the marks 
detected by the detecting means, measuring density or 
color of the test image formed on the recording material 
due to a correspondence between the test image 
formed on the recording material and position data of 
the test image data stored in advance in the storing 
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means, to each other; and correcting means for correct- 
ing density unevenness or color unevenness of the test 
image by comparing the results of measurement by the 
measuring means with density or color of the test image 
stored in advance by the storing means. s 
[0018] According to the third aspect of the present 
invention, the detecting means detects marks which 
specify a position at which the test image is formed on 
the recording material. Since these marks are formed, 
together with the test image, on a recording material, io 
the test image and the marks are always formed in the 
same relative positional relationship on the recording 
material. 

[0019] On the basis of the detected marks, the 
measuring means determines the position of the test 
image which is formed on the recording material. Fur- 
ther, a position of the test image formed on the image 
recording material and position data of the test image 
data (the address in the memory at which the test image 
data is stored) are made to correspond to each other. 
Namely, the density or color of the test image formed on 
the recording material and the test image data which is 
stored in advance are made to correspond to each 
other. 

[0020] The measuring means measures density or 
color of the test image formed on the image receiving 
material. The correction means compares the density or 
color measured by the measuring device and that of the 
test image data stored in the apparatus. On the basis of 
results of this comparison, the correction means cor- 
rects the density unevenness or color unevenness of 
the test image, which is caused by non-uniformity of 
temperature of the heat-developing drum. 
[0021] The image forming apparatus has a calibra- 
tion function (which is of software and hardware type). 
Accordingly, on the basis of an accurate correspond- 
ence between data measured by the measuring means 
and test image data used as reference data, to each 
other, a correction amount can be determined. As a 
result, a highly accurate calibration can be performed. 
[0022] A fourth aspect of the present invention is an 
image forming apparatus according to the third aspect 
of the present invention, wherein mark data for record- 
ing the marks forms a part of the test image data. 
[0023] According to the fourth aspect of the present 
invention, since mark data, together with test image 
data, is stored in the storing means, at least a relative 
positional relationship between the test image on the 
recording material and the marks can be ensured. 
[0024] A fifth aspect of the present invention is an 
image forming apparatus according to the third aspect 
of the present invention, wherein a home position of the 
measuring means is determined due to a correspond- 
ence between the test image formed on the recording 
material and position data of the test image data stored 
in advance in the storing means, to each other. 
[0025] According to the fifth aspect of the present 
invention, when the home position of the measuring 



means is determined, a subsequent movement ol the 
measuring means can be controlled, for example, by a 
pulse encoder or the like. 

[0026] A sixth aspect of the present invention is an 
image forming apparatus according to the third aspect 
of the present invention, wherein the measuring means 
is able to move in a direction orthogonal to a conveying 
direction of the recording material, and is moved in the 
direction orthogonal to the conveying direction of the 
recording material while conveying the recording mate- 
rial so that a test image is scanned. 
[0027] According to the sixth aspect of the present 
invention, measurement by using the measuring means 
is performed only by scanning the image surface of the 
test image formed on the recording material. However, 
the ordinary conveyance of the recording material is 
used, and at the same time with this conveyance of the 
recording material, when the measuring means is made 
to carry out a reciprocating movement in a widthwise 
direction of the conveying direction of the recording 
material, the entire test image can be scanned in a nar- 
rower area than in a case in which only the measuring 
means moves m a direction of X-Y 
[0028] A seventh aspect of the present invention is 
an image forming apparatus according to the third 
aspect of the present invention, wherein the mark is at 
least one of a first mark formed along the conveying 
direction of the recording material and a second mark 
formed along the direction orthogonal to the conveying 
direction of the recording material. 
[0029] An eighth aspect of the present invention is 
an image forming apparatus according to the seventh 
aspect of the present invention, wherein the home posi- 
tion of the measuring means is determined on the basis 
of the number of moving pulses generated by the 
detecting means when the first mark or the second 
mark is detected. 

[0030] According to the seventh or eighth aspect of 
the present invention, marks are not limited to conven- 
tional registers (two tines intersecting to each other). 
However, it is apparent that a mark along the conveying 
direction of the recording material and a mark along the 
widthwise direction thereof can be used. Namely, both 
of the marks exist on the test image, like the conven- 
tional registers, it is possible to determine the home 
position of the measuring means by referring to the 
intersection point 

[0031] If one of the marks is used, the home posi- 
tion of the measuring means can be determined by 
using moving pulses generated by the detecting means 
in combination. 

[0032] A ninth aspect of the present invention is an 
image forming apparatus according to the third aspect 
of the present invention, wherein the correcting means 
corrects an exposure amount of the recording material 
on the basis of the results of measurement by the meas- 
uring means. 

[0033] According to the ninth aspect of the present 
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invention, since the correcting means corrects the expo- 
sure amount of the recording material in place of cor- 
recting temperature during a developing processing 
which is an immediate cause of density unevenness or 
color unevenness. Accordingly, deterioration of image 
quality due to non-uniformity of temperature during 
image developing processing can be controlled more 
simply. 

[0034] A tenth aspect of the present invention is an 
image forming apparatus according to the third aspect 
of the present invention, where in the image forming 
apparatus is a heat-developing/transferring apparatus 
in which a photosensitive material is irradiated with a 
light beam so as to be exposed, and in which the photo- 
sensitive material and an image receiving material are 
laminated to each other, and conveyed while contacting 
a heat-developing drum, thereby being subjected to 
heat-developing/transferring processing so that an 
image is formed on the image receiving material. 
[0035] According to the tenth aspect of the present 
invention, in the heat-developing/transferring apparatus, 
the heat-developing/transferring processing is largely 
affected by temperature distribution on the surface of 
the heat-developing drum. For this reason, deterioration 
of image quality due to non-uniformity of temperature 
becomes noticeable. Accordingly, the third aspect of the 
present invention is applied so that control of the tem- 
perature on the developing drum can be made to be rel- 
atively rough. As a result, the control system can be 
simplified. 

[0036] An eleventh aspect of the present invention 
is an image forming apparatus according to any one of 
third to tenth aspects of the present invention, wherein 
the mark is a line mark, and the detecting means has 
inclination measuring means for, on the basis of the first 
mark or the second mark, measuring inclination of the 
test image formed on the recording material with 
respect thereto, and if the inclination measured by the 
inclination measuring means is at least equal to a pre- 
determined value, the detecting means stops the meas- 
urement by the measuring means and outputs 
information expressing that an error has occurred. 
[0037] According to the eleventh aspect of the 
present invention, the detecting means has an inclina- 
tion measuring means. This inclination measuring 
means measures inclination of the test image formed on 
the recording material with respect thereto. When incli- 
nation of the test image formed on the recording mate- 
rial with respect thereto is targe, it is impossible to carry 
out accurate calibration. 

[0038] If the inclination measured by the inclination 
measuring means is a predetermined value or more, the 
detecting device judges that the measuring means can- 
not perform accurate calibration, stops density or color 
measurement by the measuring means, and outputs 
information that an error has occurred. As a result exe- 
cution of inaccurate calibration due to inclination of the 
test image can be prevented. 



[0039] As described above, the present invention 
provides an image forming apparatus which has a colo- 
rimeter for measuring density or color (i.e., calibration 
device), and which is capable of performing calibration 
5 with high accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

10 

Fig. 1 is a schematic structural view illustrating the 
internal structure of an image forming apparatus 
according to an embodiment of the present inven- 
tion. 

is Fig. 2 is a structural view illustrating in detail the 
structure of a heat-developing apparatus according 
to the present embodiment. 
Fig. 3 is a schematic view of a test image for cali- 
bration formed on an image receiving paper. 

20 Fig. 4 is a schematic cross-sectional view of a 
color imetry apparatus. 

Fig. 5 is a schematic side view of the colorimetry 
apparatus. 

Fig. 6 is a schematic bottom view of the colorimetry 
25 apparatus. 

Fig. 7 is a block view of a control unit that controls 

operations of the colorimetry apparatus. 

Fig. 8 is a flowchart illustrating a calibration control 

routine. 

30 Fig. 9 is a schematic top view of the colorimetry 
apparatus and schematically illustrates a state in 
which the colorimeter detects a first reference line. 
Fig. 10 is a schematic top view of the colorimetry 
apparatus and schematically illustrates a state in 

35 which the colorimeter detects a second reference 
line. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 [0041] With reference to the drawings, a detailed 
description of an example of an embodiment of the 
present invention will be given hereinafter. An image 
forming apparatus 14 according to the present embodi- 
ment is shown in Fig. 1 . 

45 [0042] The image forming apparatus 14 comprises 
an image exposure device 10 and a heat-developing 
apparatus 12. 

[0043] The image exposure device 1 0 has a photo- 
sensitive material loading portion 1 8, a correction circuit 

so 20, a correction data generating portion 22, and an 
exposure unit 24. Further, the heat-developing appara- 
tus 12 comprises a face portion 26. a heat-developing 
unit 28. a photosensitive material take-up portion 30, an 
image receiving paper feeding and loading portion 32. a 

55 colorimetry (color measuring) apparatus 34. and a tem- 
perature-humidity sensor 36. 

[0044] A photosensitive material 16 wound around 
a take-up shaft 38 is loaded in the photosensitive mate- 
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rial loading portion 18 of the image exposure device 10. 
The photosensitive material 16 loaded in the photosen- 
sitive material loading portion ' 3 is conveyed in a prede- 
termined direction by the driving of unillustrated rollers. 
An exposure unit 24 is disposed at a photosensitive 5 
material conveying direction downstream side of the 
photosensitive material loading portion 18. A laser 46 is 
disposed in the exposure unit 24, and a light beam is 
emitted from an unillustrated laser head thereof. An out- 
put end of the correction circuit 20 that corrects image 10 
data is connected to the laser 46. Correction image data 
generated at the correction data generating portion 22 
is outputted from the correction circuit 20 to the laser 46. 
Namely, the exposure unit 24 is designed such that driv- 
ing of the laser 46 is instructed on the basis of the cor- 75 
rection image data. The exposure unit 24 exposes the 
photosensitive material 16 by scanning the light beam. 
As a result, an image is formed on the photosensitive 
material 16. 

[0045] A circular arcuate drum 78 whose central 20 
angle is about 180° is disposed in the exposure unit 24. 
The photosensitive material 16 is conveyed along an 
inner circumferential surface of the drum 78. The expo- 
sure unit 24 is structured such that the photosensitive 
material 16 is irradiated with a light beam transmitted 25 
from an inner circumferential direction side of the drum 
78 (a so-called inner spinner system). 
[0046] An output end of the correction data generat- 
ing portion 22 is connected to the correction circuit 20. 
Output ends of the temperature-humidity sensor 36 and 30 
the colorimetry apparatus 34 which are provided at the 
heat-developing apparatus 12 are connected to the cor- 
rected data generating portion 22. The temperature- 
humidity sensor 36 is a sensor which detects tempera- 
ture and humidity inside the heat-developing apparatus 35 
1 2. The colorimetry apparatus 34 measures colors of an 
image recorded on an image receiving paper 40 which 
has been subjected to heat-developing processing by 
the heat-developing unit 28. 

[0047] Test image data for calibration is stored in 40 
advance in the correction data generating portion 22. 
(This test image data for calibration is simply referred to 
as test image data hereinafter.) Accordingly, on the 
basis of the test image data and data detected (meas- 
ured) by the temperature-humidity sensor 36 and the 45 
colorimetry apparatus 34, the correction data generat- 
ing portion 22 generates correction data which is used 
when image data is corrected at the correction circuit 
20. 

[0048] An operation panel (not shown) is mounted so 
on an upper surface of the image exposure device 10. 
This operation panel is used to select either of an image 
forming processing mode in which an ordinary image 
forming processing is performed and a colormetric 
mode in which calibration is performed. 55 
[0049] With reference to Fig. 2, a detailed descrip- 
tion of the internal structure of the heat-developing 
apparatus 12 disposed adjacent to the image exposure 
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device 10 will be given hereinafter. 
[0050] As is shown in Fig. 2, a face portion 26 is dis- 
posed in the heat-developing apparatus 12 in a vicinity 
of the portion at which the image exposure device 10 
and the heat-developing apparatus 12 are connected. A 
branch guide (not shown) which is operated by a sole- 
noid is disposed at the face portion 26. The branch 
guide can be switched between a horizontal state and a 
vertical state. When the branch guide is switched to the 
vertical state, the photosensitive material 16 can be 
made to go slack between conveying rollers 42 as is 
shown by an imaginary line in Fig. 2. Accordingly, the 
difference between the processing speed in the heat- 
developing apparatus 12 and the processing speed in 
the image exposure device 10 can be absorbed. Fur- 
ther, a control unit 94 is disposed at a lower portion of 
the heat-developing apparatus 12 and controls driving 
of the conveying rollers 42. 

[0051 ] The image receiving paper feeding and load- 
ing portion 32 is disposed beneath the face portion 26. 
The image receiving paper 40, which is taken up around 
a take-up shaft 44, is loaded in the image receiving 
paper feeding and loading portion 32 and then con- 
veyed by the conveying rollers 42 in a predetermined 
direction. 

[0052] The heat-developing unit 28 is disposed at a 
downstream side in the direction in which the photosen- 
sitive material 16 is conveyed, and is provided with a 
water application portion 80 which is filled with water 
which serves as an image forming solvent. 
[0053] From a water tank 82 disposed at a lower 
portion of the heat-developing apparatus 12, water is 
supplied to the water application portion 80 through a 
pump (not shown). Water is applied to the photosensi- 
tive material 16, thus enabling a closer, tighter fit 
between the image receiving paper 40 and the photo- 
sensitive material 16 when they are superposed. 
[0054] In addition to the water application portion 
80, a heat-developing drum 84 which rotates in the 
direction of arrow A shown in Fig. 2 is also disposed in 
the heat-developing unit 28. A heater 100 is accommo- 
dated in the heat-developing drum 84 at a central por- 
tion thereof. Namely, the heat-developing drum 84 is 
heated by the heater 100. 

[0055] Accordingly, the photosensitive material 16 
and the image receiving paper 40, which are conveyed 
along an outer circumferential surface of the heat-devel- 
oping drum 84, are heated for a predetermined time 
(i.e., the photosensitive material 16 and the image 
receiving paper 40 are subjected to the heat-developing 
processing). As a result an image is formed on the 
image receiving paper 40. Further, a deviation preven- 
tion belt 86 is disposed in a vicinity of the outer circum- 
ference of the heat -developing drum 84 in order to 
prevent deviation between the photosensitive material 
16 and the image receiving paper 40 being conveyed 
along the outer circumference of the heat-developing 
drum 84. In this way, an image can be formed accu- 
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rately on the image receiving paper 40. 
[0056] A photosensitive material peel-off member 
88 and an image receiving paper peel-off member 90 
are cfisposed at the heat-developing drum 84 at a down- 
stream side in a direction in which the photosensitive 
material 16 and the image receiving paper 40 are con- 
veyed. The photosensitive material peel-off member 88 
peels the photosensitive material 16 off from the image 
receiving paper 40 with which the photosensitive mate- 
rial 16 has been superposed. The image receiving 
paper peel-off member 90 peels the image receiving 
paper 40 off from the heat-developing drum 84. 
[0057] The photosensitive material 16, which has 
been peeled off from the image receiving paper 40 by 
the photosensitive material peel-off member 88, is 
taken up by a take-up shaft 92 which is disposed at a 
photosensitive material take-up portion 30, and is then 
processed as a waste material. Further, the colorimetry 
apparatus 34 is disposed at a downstream side in the 
conveying direction of the image receiving paper 40 
which has been peeled off from the heat-developing 
drum 84 by the image receiving paper peel-off member 
90 and which has an image formed thereon. The color- 
imetry apparatus 34 will be described later in more 
detail. 

[0058] In a case in which the aforementioned oper- 
ation panel is used to select the image forming process- 
ing mode, the image receiving paper 40 is passed 
through the colorimetry apparatus 34 as it is. and then 
discharged to the exterior of the heat-developing appa- 
ratus 12. 

[0059] In a case in which the operational panel is 
used to select the colorimetry mode, a test image is 
formed on the image receiving paper 40 on the basis of 
the above-described test image data. The colorimetry 
apparatus 34 measures colors of this test image formed 
on the image receiving paper 40. At this time, since the 
colorimetry apparatus 34 is accommodated in the heat- 
developing apparatus 12, the colorimetry apparatus 34 
can perform colorimetry of this test image without being 
affected by external light The obtained colorimetry data 
is transmitted to the correction data generating portion 
22. The image receiving paper 40, which has been sub- 
jected to colorimetry by the colorimetry apparatus 34, is 
discharged to the exterior of the heat-developing appa- 
ratus 12. 

[0060] Fig. 3 shows the image receiving paper 40 
having the test image formed thereon. Arrow B shown in 
Fig. 3 indicates the direction the image receiving paper 
40 is conveyed in the colorimetry apparatus 34, i.e.. 
points toward the upper portion of the image receiving 
paper 40. 

[0061] A test image 102 is printed at a central por- 
tion of the image receiving paper 40. This test image 
102 corresponds to the above-described test image 
data for calibration stored in the correction data gener- 
ating portion 22. 

[0062] An upper end portion of the test image 102 



corresponds to a position at which image writing begins 
by the laser 46. Further, the left-right direction in Fig. 3 
(i.e.. the transverse direction of the image receiving 
paper 40, referred to as the "widthwise direction of the 

5 image receiving paper 40" hereinafter) corresponds to 
the axial direction of the heat-developing drum 84. 
Moreover, data stored in the leading address of the stor- 
age region for storing the test image data in the correc- 
tion data generating portion 22 corresponds to the 

10 upper right portion of this test image 102. 

[0063] A plurality of density regions 103 (which are 
referred to as "patches" hereinafter) are formed at the 
test image 102. The patches 103 are arranged such that 
the colors of the patches 103 are respectively different 

15 (i.e.. the patches 103 are so-called color patches). Alter- 
natively, the patches 103 may be so-called gray patches 
which are shaded in respectively different shades of 
gray and arranged so as to exhibit a gradation of gray. 
[0064] Upward of a position at which the test image 

20 102 is printed, a first reference line 104 is printed in 
black along a widthwise direction of the image receiving 
paper 40. A distance of a predetermined length T1 is 
provided between this first reference line 104 and the 
test image 102. On the basis of the first reference line 

25 104. the position at which the test image 102 is printed 
in a lengthwise direction of the image receiving paper 
40. i.e.. the position at which image writing by the laser 
46 begins (an irradiation beginning position by the 
laser), can be determined. 

30 [0065] At the left or right of the position at which the 
test image 102 is printed, a second reference line 106 is 
printed in black in a direction in which the image receiv- 
ing paper 40 is conveyed. In the present embodiment 
the second reference line 106 is printed to the right of 

35 the test image 102. A distance of a predetermined 
length T2 is provided between this second reference 
line 1 06 and the test image 1 02. On the basis of the sec- 
ond reference line 106, the position at which the test 
image 102 is printed in a widthwise direction of the 

40 image receiving paper 40 can be determined. Accord- 
ingly, the position at which the test image 102 is printed 
in the widthwise direction of the image receiving paper 
40 and the aforementioned position of the heat-develop- 
ing drum 84 in an axial direction thereof can be made to 

45 correspond to each other. 

[0066] The first reference line 104 and the second 
reference line 106, together with the test image data, 
are written onto the photosensitive material 16 at the 
above-described exposure unit 24. Accordingly, the test 

so image 102, the first reference line 104, and the second 
reference 106 on the image receiving paper 40 are 
always (each time) disposed at the same position rela- 
tive to one another. 

[0067] The structure of the colorimetry apparatus 
55 34 will be explained hereinafter. A schematic cross-sec- 
tional view of the colorimetry apparatus 34, a schematic 
side view thereof, and a schematic bottom view thereof 
are shown in Figs. 4, 5, and 6, respectively. 
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[0068] As is shown in Figs. 4 and 5. a box-shaped 
casing 140 whose upper side is opened is provided at 
the colorimetry apparatus 34. A base plate 152 is dis- 
posed so as to face a bottom surface of this casing 140. 
The above-described image receiving paper 40 is 
guided between the base ptate 152 and the casing 140 
and conveyed from a leading edge portion thereof in a 
direction of arrow B which is shown in Fig. 4. 
[0069] The axial direction central portion of the bot- 
tom surface of the casing 140 at one transverse direc- 
tion (arrow C direction in Figs. 5 and 6) end portion of 
the colorimetry apparatus 34 (i.e., the left end portion in 
Fig. 5) is cut out in a rectangular shape to form a 
through hole 140 A. The bottom central portion which is 
formed into a tapered shape (and which is referred to as 
a "measurement portion 144A" hereinafter), of a color- 
imeter 1 44 is fitted into the through hole 1 40 A. The colo- 
rimeter 144 is mounted to the casing 140 with the 
measurement portion 144A protruding from the bottom 
surface of the casing 140. 

[0070] A measurement surface 146 is formed at a 
bottom surface of the measurement portion 1 44A of the 
colorimeter 144 and measures colors of an image which 
is formed on the image receiving paper 40 which has 
been guided beneath the colorimeter 144. Further, at 
the colorimeter 144, the image receiving paper 40 is 
irradiated with light, and the light reflected from the 
image receiving paper 40 is detected (i.e.. so-called 
spectral tristimulus values are detected). On the basis 
of results of this detection, a lightness index L* and per- 
ceived chromaticities a* and b* in an L*a*b* color space 
are determined so that the chromaticrty is measured. 
[0071 ] A reflective photosensor 1 48 is mounted at a 
bottom surface end portion of the casing 140 at a width- 
wise direction end portion thereof so as to face down- 
ward. The reflective photosensor 148 receives the light 
which has been emitted therefrom and then reflected by 
the image receiving paper 40, and then causes flow of 
an electric current in an amount corresponding to the 
amount of the reflected light received by the reflective 
photosensor 148. By measuring the electric current 
value, the density of the image formed on the image 
receiving paper 40 can be measured. In the present 
embodiment, the characteristic that the color black does 
not reflect light is made use of, and the first reference 
line 1 04 and the second reference line 106 are detected 
due to no reflected light being detected by the reflective 
photosensor 148. 

[0072] A metal bearing 150 is mounted at each of 
the end portions of a side surface of the casing 140 
which is parallel to the widthwise direction of the color- 
imetry apparatus 34 (i.e.. the side surface at a right- 
hand side of Fig. 4 and at a front side of Fig. 5). Further, 
a bearing 150 is mounted to a central portion of the 
other side surface of the casing 140 (i.e.. the side sur- 
face at a left-hand side of Fig. 4 and at a back side of 
Fig. 5). 

[0073] These bearings 150 support the casing 140 



such that a distance H (referred to as a "measurement 
distance" hereinafter) between the measurement sur- 
face 146 of the colorimeter 144 and the image receiving 
paper 40 is maintained at a predetermined value (5 mm 

5 ± 25jim in the present embodiment). Further, the casing 
140 is supported by the bearings 150 at three points 
which are able to provide a maximum stability, and is 
moved due to rotation of these bearings 150 so as to 
measure colors of an image formed on the image 

10 receiving paper 40. At this time, even if the base plate 
152 is somewhat curved, since the casing 140 can 
move in conformity with the curve, the measurement 
distance H hardly changes. 

[0074] Since the bearings 150 press the image 
15 receiving paper 40 down onto the base plate 152 at 
three points, even if the image receiving paper 40 curls, 
the curl is stretched out and the image receiving paper 
40 can thereby be kept in dose contact with the base 
plate 152. 

so [0075] Bolts 142 are mounted respectively at cen- 
tral portions of upper portions of both 6ide surfaces of 
the casing 140, which side surfaces are parallel to the 
widthwise direction of the colorimetry apparatus 34. 
[0076] A cover body 136 is mounted at an upper 

25 portion of the casing 140, and has a substantially Li- 
shaped cross section whose opening faces downward. 
Each of the central portions of the side surfaces of the 
cover body 136 is cut out downwardly at a predeter- 
mined width so as to form a cut-out portion 136. The 

30 vertical direction dimension of the cut-out portion 136 is 
approximately 3/4 of the vertical direction dimension of 
the side surface of the cover body 136. The aforemen- 
tioned bolts 1 42 are held in by the cut-out portions 1 36A 
so that the cover body 136 engages with the casing 

35 140. 

[0077] Accordingly, the casing 140 is fixed to the 
cover body 136 in the widthwise direction of the colorim- 
etry apparatus 34. Further, the casing 140 can move 
freely in a vertical cfirection by an amount which is the 

40 height of the cut-out portions 136A. Namely, vertical 
concave and convex portions of the base plate 152 or 
the image receiving paper 40, or variations in thickness 
of the image receiving paper 40 can be absorbed by 
these cut-out portions 136A. 

45 [0078] A shaft 120 whose length is great©- than a 
width of the image receiving paper 40 is disposed at an 
upper central portion of the cover body 136 so as to be 
parallel to the widthwise direction of the colorimetry 
apparatus 34. The shaft 120 is fit with play into a pair of 

so bushes 1 38 each of which is formed in a circular shape. 
The pair of bushes 138 and the cover body 1 36 are con- 
nected to each other by a connecting member 134. 
Accordingly, the moving direction of the casing 140 is 
kept in the widthwise direction of the colorimetry appa- 

55 ratus 34 by the shaft 120. thus allowing the colorimeter 
1 44 to move only in the widthwise direction of the image 
receiving paper 40. 

[0079] A belt roller 122 (at the left-hand side in Fig. 
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5) and a belt roller 128 (at the right-hand side in Fig. 5) 
are disposed above the cover body 136 so as to be 
spaced apart from each other, along the widthwise 
direction of the colorimetry apparatus 34, at a distance 
that is greater than a width of the image receiving paper 5 
40. The belt roller 122 is rotated due to driving force of 
a motor 124 connected thereto. 
[0080] A timing belt 1 32 is entrained around the belt 
rollers 122 and 128 so as to form a loop shape. A por- 
tion of this timing belt 132 is mounted to an end portion, 
in a direction intersecting the widthwise direction of the 
colorimetry apparatus 34, of the top surface of the cover 
body 136. Namely, a portion of the timing belt 132 is 
mounted to the left-side end portion (as seen in Fig. 4) 
of the top surface of the cover body 136. 
[0081] In accordance with rotation of the belt roller 
122 due to driving of the motor 124, the casing 140 
moves in the widthwise direction of the colorimetry 
apparatus 34, together with the timing belt 132. Namely, 
due to the driving of the motor 124, the colorimeter 144 
can be moved in the widthwise direction of the image 
receiving paper 40. 

[0082] The driving of the motor 124 is controlled by 
a control unit 94. The control unit 94 will be explained 
with reference to Fig. 7. 

[0083] The control unit 94 has a microcomputer 
built therein. This microcomputer comprises an I/O port 
110, an RAM 112, a CPU 114, and an ROM 116 which 
are connected to each other via a bus 1 1 8. 
[0084] The reflective photosensor 1 48 and the colo- 
rimeter 144 of the colorimetry apparatus 34 are con- 
nected to an input side of the I/O port 1 10. Results of 
detection of densities by using the reflective photosen- 
sor 148, and colori metric results of the test image 102 
measured by using the colorimeter 144 are inputted to 
the control unit 94. 

[0085] Further, a pulse generator 154, which is 
built-in in the control unit 94 and which outputs a pulse 
signal having a predetermined frequency, is also con- 
nected to the input side of the I/O port 110. The convey- 
ing rollers 42, the motor 124, and the correction data 
generating portion 22 are connected to an output side of 
the I/O port 110. 

[0086] Results of detection of densities by the 
reflective photosensor 148 and results of detection of 
colorimetry by the colorimeter 144 are stored in the 
RAM 1 12 at any time when needed. 
[0087] A predetermined number of pulses N1 which 
is generated by the pulse generator 154 and which cor- 
responds to a time required to convey the image receiv- 
ing paper 40 by a predetermined length T1 is stored in 
the ROM 116. 

[0088] A predetermined number of pulses N2 which 
is generated by the pulse generator 1 54 and which cor- 
responds to the time required to convey the colorimeter 
144 by a predetermined length T2 is also stored in the 
ROM 116. 

[0089] A length size and a width size of the test 



16 

image 102 are also stored in the ROM 1 16. 
[0090] A time over which the reflective photosensor 
148 continues to detect the first reference line 104 when 
the first reference line 104 is inclined with respect to the 
image receiving paper 40 within a maximum allowable 
range is also stored in the ROM 116 (this time is 
referred to as the "predetermined time"). 
[0091] The CPU 114 controls the driving of the 
motor 124, and the timing at which the colorimeter 144 
begins to move in a widthwise direction thereof, and the 
distance over which the colorimeter 144 moves. Fur- 
ther, the CPU 1 14 controls the rotational speed of the 
motor 124 so as to maintain the moving speed of the 
colorimeter 144 at a predetermined speed. Moreover, 
the distance over which the image receiving paper 40 is 
conveyed, and a distance over which the colorimeter 
144 is moved can be determined by counting the pulses 
generated by the pulse generator 1 54. The count values 
of the pulses are updated anytime and then stored in 
the RAM 112. 

[0092] The CP U 1 1 4 controls the driving of the con- 
veying rollers 42, the timing at which conveying of the 
image receiving paper 40 begins/stops, and the dis- 
tance over which the image receiving paper 40 is con- 
veyed. Further, the CPU 114 controls the rotational 
speed of the conveying rollers 42 so as to maintain the 
conveying speed of the image receiving paper 40 at a 
predetermined speed. 

[0093] On the basis of the results of density meas- 
urement by the colorimeter 144 for each patch 103, the 
CPU 114 determines the lightness index L* and the 
chromaticnesses a* and b* in the L*a*b* color space, 
and stores the determined values in the RAM 112. Fur- 
ther, in the sequential order in which the densities are 
measured, the data of the lightness index L* and the 
chromaticnesses a* and b*(which is referred to herein- 
after as "colorimetric data") is fetched and then trans- 
mitted to the correction data generating portion 22. 
[0094] On the basis of results of detection (i.e., the 
existence or lack thereof of a reflected light) by using the 
reflective photosensor 148, the CPU 114 determines 
whether the reflective photosensor 148 has detected a 
black color, i.e., whether the reflective photosensor 148 
has detected the first reference line 104 or the second 
reference line 106. 

[0095] When the reflective photosensor 148 is 
detecting the first reference line 104. the CPU 114 
measures the time over which the reflective photosen- 
sor 148 continues to detect the first reference line 104 
when the colorimeter 144 is moved in the widthwise 
direction of the colorimetry apparatus 34. Further, by 
comparing this measured time with a predetermined 
time which has been stored in the ROM 1 16. the CPU 
114 determines whether inclination of the first reference 
line 104 with respect to the image receiving paper 40 is 
within the maximum allowable range. 
[0096] If the inclination of the first reference line 1 04 
with respect to the image receiving paper 40 exceeds 



15 



20 



25 



30 



35 



40 



45 



50 



BNSDOC1D: <EP 103OS13A2J_> 



17 



EP 1 030 513 A2 



18 



the maximum allowable range, the CPU 1 14 judges that 
accurate calibration cannot be carried out and stops the 
calibration operation. Further, the CPU 1 14 displays an 
error message on the unillustrated operation panel of 
the image forming apparatus 14, and outputs a warning 
sound. 

[0097] Next operation of the present embodiment 
will be explained. 

[0098] The flow of the image forming processing 
carried out by the image forming apparatus 14 will be 
explained. 

[0099] In the image exposure device 1 0 , the photo- 
sensitive material 16 loaded in the photosensitive mate- 
rial loading portion 18 is conveyed to the exposure unit 
24 by the unillustrated conveying rollers being driven. 
On the basis of correction image data, the exposure unit 
24 scans and exposes the photosensitive material 16 
with a fight beam. Namely, the photosensitive material 
16 is conveyed along the inner circumferential surface 
of the circular arcuate drum 78 whose central angle is 
about 180° and which is disposed in the exposure unit 
24, and the photosensitive material 16 is irradiated with 
a light beam from an inner circumferential direction of 
the drum 78. 

[0100] The photosensitive material 16 is conveyed 
to the face portion 26 which is disposed in a vicinity of 
the portion at which the heat-developing apparatus 12 
and the image exposure device 10 are connected. 
Water is applied to the photosensitive material 1 6 at the 
water application portion 80 which belongs to the heat- 
developing unit 28. The photosensitive material 16 is 
then sent to the heat-developing drum 84. 
[0101] The photosensitive material 16 and the 
image receiving paper 40, which are conveyed along an 
outer circumferential surface of the heat-developing 
drum 84 whose temperature has become suitable for 
heat-developing processing, are heated for a predeter- 
mined time, thus forming an image on the image receiv- 
ing paper 40. 

[0102] "me photosensitive material 16, which has 
been peeled off from the image receiving paper 40 by 
the photosensitive material peel-off member 88, is 
taken up onto the take-up shaft 92 of the photosensitive 
material take-up portion 30, and is processed as a 
waste material. Further, the image receiving paper 40 is 
peeled off from the heat-developing drum 84 by the 
image receiving paper peel-off member 90. Having 
passed through the colorimetry apparatus 34, the 
image receiving paper 40 is discharged to the exterior of 
the heat-developing apparatus 12. 
[0103] If there is non-uniformity of temperature of 
the heat-developing drum 84. colors of the image 
formed on the image receiving paper 40 by the image 
forming processing become uneven (non-uniform). In 
order to eliminate this color unevenness. the image 
forming apparatus 14 is provided with the calibration 
function. Next a description of calibration processing will 
be given hereinafter. 



[0104] When the user operates the unillustrated 
operation panel of the image forming apparatus 14 to 
select the colorimetric mode, the image forming appara- 
tus 14 begins calibration processing. 

5 [01 05] First in the image exposure device 1 0, in the 
same manner as in the above-described image forming 
processing, the first reference line 104 and the second 
reference line 106. as well as the test image for calibra- 
tion stored in the image forming apparatus 14 (see Fig. 

w 3), are written on the photosensitive material 1 6. 

[01 06] Next in the heat-developing apparatus 1 2, in 
the same manner as in the above-described image 
forming processing, the photosensitive material 16 and 
the image receiving paper 40 are conveyed along the 

is outer circumferential surface of the heat-developing 
drum 84 whose temperature has become appropriate 
for the heat-developing processing. Accordingly, the 
photosensitive material 16 and the image receiving 
paper 40 are heated for a predetermined time, thus 

20 forming the test image, the first reference line 104, and 
the second reference line 106 on the image receiving 
paper 40. 

[0107] The photosensitive material 16, which has 
been peeled off from the image receiving paper 40 by 

25 the photosensitive material peel-off member 88, is 
taken up onto the take-up shaft 92 of the photosensitive 
material take-up portion 30. and is processed as a 
waste material. Further, the image receiving paper 40 is 
peeled off from the heat-developing drum 84 by the 

30 image receiving paper peel-off member 90 and then 
conveyed to the colorimetry apparatus 34. In the color- 
imetry apparatus 34, colorimetry of the test image 102 
which is formed on the image receiving paper 40 is per- 
formed. Namely, the color of each of the patches 103 is 

35 measured. 

[01 08] Next with reference to the flowchart in Fig. 8, 
colorimetric control by the colorimetry apparatus 34 will 
be explained. 

[0109] In step 300, it is determined whether the 

40 image receiving paper 40 has been inserted into the 
colorimetry apparatus 34. When it is detected that the 
image receiving paper 40 has been inserted into the 
colorimetry apparatus 34, the routine proceeds to step 
302. The means for this determination is not particularly 

45 limited. For example, a sensor for detecting the image 
receiving paper 40 may be disposed in a vicinity of an 
insertion opening (not shown), into which the image 
receiving paper 40 is inserted, in the colorimetry appa- 
ratus 34. On the basis of the results of detection by this 

so sensor, it can be determined whether the image receiv- 
ing paper 40 has been inserted into the colorimetry 
apparatus 34. Or, since the image receiving paper 40 is 
conveyed in the colorimetry apparatus 34 at a predeter- 
mined speed, the time which has elapsed from the time 

55 at which the heat-developing processing begins may be 
measured by the pulse generator 154, and after a pre- 
determined time has elapsed, it can be judged that the 
image receiving paper 40 has been inserted into the 
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colorimetry apparatus 34. 

[0110] In step 302, the motor 124 is driven so as to 
move and set the colorimeter 144 at a widthwise direc- 
tion central position of the image receiving paper 40. 
Further, even after having been inserted into the color- s 
imetry apparatus 34, the image receiving paper 40 is 
always conveyed at a predetermined speed. The color- 
imeter 1 44 and the image receiving paper 40 at this time 
are shown in Fig. 9. As can be seen from Fig. 9, by the 
image receiving paper 40 being conveyed in a direction io 
of arrow B, the reflective photosensor 148 which is 
mounted to the colorimeter 144 scans the substantially 
central portion of the image receiving paper 40 in the 
widthwise direction thereof from a leading end portion to 
a trailing end portion thereof (i.e., from the upper end to is 
the lower end in Fig 9). 

[0111] In step 304, on the basis of the results of 
detection by the reflective photosensor 148, that is, due 
to the existence or lack thereof of reflected light to be 
detected, it is determined whether the reflective photo- 20 
sensor 148 has detected the first reference line 104. At 
this point, when reflected light is no longer detected by 
the reflective photosensor 148. it is judged that the first 
reference line 104 has been detected. 
[0112] If the determination in step 304 is negative, 25 
the routine returns to step 302. Namely, the conveying 
of the image receiving paper- 40 at a predetermined 
speed continues until the reflective photosensor 148 
detects the first reference line 104. 

[0113] Further, when the first reference line 104 is 30 
detected by the reflective photosensor 148, i.e., if the 

1 determination is affirmative in step 304, the routine pro- 

* ceeds to step 306. 

[0114] In step 306, the conveying of the image 
receiving paper 40 is stopped. The image receiving 35 
paper 40 is thus stopped in a state in which the reflec- 
tive photosensor 148 is delecting the first reference line 
104. 

[01 1 5] In step 308, the colorimeter 1 44 is moved to 
the right end portion of the image receiving paper 40. 40 
Further, at the same time, the colorimeter 144 counts 
the number of pulses which are generated by the pulse 
generator 154 so as to measure the time over which the 
reflective photosensor 148 is detecting the first refer- 
ence line 104. At this time, if the first reference line 1 04 45 
is formed so as to be parallel to the widthwise direction 
of the image receiving paper 40, the reflective photo- 
sensor 148 continues to detect the first reference line 
104. The larger the inclination of the first reference line 
104 with respect to the image receiving paper 40. the so 
shorter the detection time which is measured. 
[0116] In step 310, the time over which the reflec- 
tive photosensor 148 has detected the first reference 
line 104 (the time measured in step 308) and a prede- 
termined time which has been stored in the ROM 116 55 
are compared. It is thereby determined whether the 
inclination of the first reference line 104 with respect to 
the image receiving paper 40 i.e. the incfination of the 



test image 102 with respect to the image receiving 
paper 40. is within a maximum allowable range. 
[0117] When the time measured in step 308 is 
shorter than the predetermined time stored in the ROM 
1 16, it is judged that the inclination of the first reference 
line 104 with respect to the image receiving paper 40 is 
greater than or equal to the maximum allowable range, 
i.e., it is judged that the test image 102 formed on the 
image receiving paper 40 is greatly inclined with respect 
thereto, and the routine proceeds to step 312. If the 
measured time is greater than or equal to the predeter- 
mined time, it is judged that the inclination of the first ref- 
erence line 104 with respect to the image receiving 
paper 40 is within the maximum allowable range, and 
the routine proceeds to step 314. 
[0118] In step 312, when the test image 102 is 
formed on the image receiving paper 40 so as to be 
greatly inclined with respect thereto, it is impossible for 
the position at which colorimetry is carried out and the 
test image data which is stored in the correction data 
generating portion 22 to correspond to each other. 
Accordingly, the calibration operation is stopped. Fur- 
ther, an error message indicating that the colorimetry 
apparatus 34 is unable to carry out accurate calibration 
is displayed on the unillustrated operation panel of the 
image forming apparatus 14 and a warning sound is 
also o inputted. In this way, it becomes possible to pre- 
vent execution of inaccurate calibration. 
[0119] In step 314, the number of pulses which is 
generated from the pulse generator 154 is counted, and 
the image receiving paper 40 is conveyed at a predeter- 
mined speed until the number of pulses generated by 
the pulse generator 154 becomes the predetermined 
number of pulses N1. Accordingly, the image receiving 
paper 40 is conveyed by the predetermined length T1 
so that the colorimeter 144 isTset at an upper end por- 
tion of the test image 102 which upper end portion cor- 
responds to the position at which writing of the test 
image data by the laser 46 begins. 
[0120] In step 316. the colorimeter 144 is moved 
from a right end portion to the left at a predetermined 
speed. The state of the colorimeter 144 and the image 
receiving paper 40 at this time is as shown in Fig. 10. As 
can be seen from Fig. 10. the colorimeter 144 moves 
from the right to the left of the image receiving paper 40 
(i.e., in the direction of arrow D) so that the reflective 
photosensor 148 mounted to the colorimeter 144 scans 
the image receiving paper 40 from right to left in the 
widthwise direction thereof, thus performing colorimetry. 
[0121] In step 318. on the basis of the results of 
detection by the reflective photosensor 148, i.e., due to 
the existence or lack thereof of detected reflected light it 
is determined whether the reflective photosensor 148 
has detected the second reference line 106. At this 
point when the reflective photosensor 148 no longer 
detects reflected light it is judged that the reflective pho- 
tosensor 148 has detected the second reference line 
106. 
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[0122] If the determination is negative in step 318, 
the routine returns to step 316. Namely, the colorimeter 
144 continues to move at a predetermined speed until 
the reflective photosensor 148 detects the second refer- 
ence line 106. 

[0123] When the second reference line 106 is 
detected by the reflective photosensor reflective photo- 
sensor 148, i.e.. when the determination in step 318 is 
affirmative, the routine proceeds to step 320. 
[0124] in step 320. the number of pulses which is 
generated by the pulse generator 154 is counted, and 
the colorimeter 144 moves at a predetermined speed 
until the number of pulses generated by the pulse gen- 
erator 154 is the predetermined number of pulses N2. 
Accordingly, the colorimeter 1 44 is moved by a prede- 
termined length T2, and is set at the right end portion of 
the test image 102 formed on the image receiving paper 
40. Accordingly, it can be ensured that a position of the 
test image 102 on the image receiving paper 40 and an 
axial position of the heat-developing drum 84 corre- 
spond to each other. 

[01 25] When step 320 has been completed, the 
colorimeter 144 is set at the upper right end portion of 
the test image 102 on the image receiving paper 40. 
The color at the upper right end portion of the test image 

102 corresponds to the data stored at the leading 
address in a storage region for the test image data in 
the correction data generating portion 22. Namely, the 
measurement position of the colorimeter 144 and the 
stored position data of the test image data are aligned 
with one another. 

[0126] In step 322. colorimetry of the test image 
formed on the image receiving paper 40. i.e.. colorime- 
try for each color patch 103. is carried out by using the 
colorimeter 144. In this colorimetry, the colorimeter 144 
is made to move from right to left and to stop at the 
center of the rightmost patch 103 so as to measure the 
color of this patch 1 03. After colorimetry has been com- 
pleted, the colorimeter 144 is made to move to the 
center portion of the patch 1 03 next to and at the left of 
the patch 103 for which the colorimetry has been com- 
pleted (in the present embodiment the distance from the 
center of one patch 103 to the center of the adjacent 
patch 103 is about 20 mm), and then colorimetry of this 
next patch 103 is carried out in this way. colorimetry for 
each of the patches 1 03 which are located in the upper- 
most row of the test image 1 02 is performed by repeat- 
ing the above-described operations of moving — > 
stopping — > effecting colorimetry -> moving —>••-. 
[0127] After the colorimetry for each of the patches 

103 in the uppermost row of the test image 102 has 
been completed, the image receiving paper 40 is moved 
slightly by an amount corresponding to the length of 
each patch 103. and the colorimeter 144 is returned to 
the right end portion of the test image 102. Thereafter, 
the same operations of moving -> stopping -> effecting 
colorimetry -» moving -» • • • as described above are 
repeated so that colorimetry of the patches 103 in the 



next row is carried out. Colorimetry for all of the patches 
103 of the test image on the image receiving paper 40 is 
performed by repeating these operations as described 
above. 

5 [01 28] At this time, the bearings 1 50 can stretch out 
curls in the image receiving paper 40, and the colorime- 
ter 1 44 is made to move in conformity with the curvature 
of the base plate 152. Therefore, the colorimeter 144 
can perform colorimetry with the measurement distance 

w H between the measurement surface 146 of the color- 
imeter 144 and the image receiving paper 40 always 
being maintained at a predetermined value. 
[0129] At the control unit 94. the results of colorim- 
etry for each of the patches 103 are converted to the 

is lightness index L* and the chromaticn esses a* and b* in 
the L*a*b* color space, and are transmitted, as colon- 
metric data, to the correction data generating portion 
22. 

[0130] In step 324, a determination is made 

20 whether the image receiving paper 40 has been con- 
veyed by an amount equal to a lengthwise length of the 
test image 1 02 since the colorimetry of the patches 1 03 
was started in step 322. Namely, a determination is 
made as to whether colorimetry for all of the patches 

25 1 03 has been completed. 

[0131] In a case in which colorimetry for all of the 
patches 103 has not been completed (i.e.. if the deter- 
mination is negative in step 324). the routine returns to 
step 322, where execution of colorimetry is continued. 

30 [0132] When colorimetry for all of the patches 103 
has been completed (i.e., if the determination is affirm- 
ative in step 324), colorimetry processing carried out by 
the colorimetry apparatus 34 is completed. 
[0133] When colorimetry processing is completed, 

35 the image receiving paper 40 on which the test image 
for calibration has been formed is discharged to the 
exterior of the heat-developing apparatus 12. 
[0134] The correction data generating portion 22 
determines color unevenness by comparing the colori- 

40 metric data transmitted (from the control unit 94) with 
the test image data for calibration which is stored in 
advance. The color unevenness is determined by com- 

2 2 2 1/2 

putation using the equation AE= (AL +Aa +Ab ) 
(wherein AE represents color unevenness, and AL, Aa, 
45 and Ab individually represent a difference between the 
value of a colorimetric data and a target value which is 
determined in advance on the basis of the test image 
data). 

[0135] The correction data generating portion 22 
so generates spatial correction data so as to eliminate the 
determined color unevenness. 

[01 36] After correction data has been generated by 
the correction data generating portion 22, the image 
forming apparatus 14 automatically enters into the 
55 image forming processing mode. From that time on. in 
the image forming processing, correction data which 
has been generated at the correction data generating 
portion 22 so as to obtain a desired image data is spa- 
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tiatly corrected by the correction circuit 20 so that cor- 
rection image data is generated. On the basis of this 
correction image data, the photosensitive material 16 is 
irradiated with a light beam so that the image forming 
processing is performed. 5 
[0137] As descrtoed above, in the present embodi- 
ment, the first reference line 104 and the second refer- 
ence line 106 are exposed and formed on the 
photosensitive material 16 in order to specify the posi- 
tion where the test image 102 is formed on the image w 
receiving paper 40. The first reference line 104 and the 
second reference line 106 formed on the image receiv- 
ing paper 40 are detected by the reflective sensor 48 so 
that the position at which the test image 102 is formed 
on the image receiving paper 40 can be automatically is 
determined. As a result, the test image data which is 
stored in advance and the measurement position of the 
colorimetry apparatus 34 can be made to correspond to 
one another accurately. 

[01 38] Since the colorimetry apparatus 34 is built-in 20 
in the image forming apparatus 14, it becomes possible 
to make the series of operations needed for calibration 
automatic and to shield light from entering into the 
colorimetry apparatus 34 from the exterior of the image 
forming apparatus 14. As a result, colors can be meas- 25 
ured accurately by the colorimetry apparatus 34 without 
being affected by external light. 
[01 39] In a case in which the test image 1 02 formed 
on the image receiving paper 40 is greatly inclined with 
respect thereto, an error message is output and the 30 
image forming processing is stopped. As a result, exe- 
cution of inaccurate calibration can be prevented. Fur- 
ther, as compared to a case in which the calibrator 
provided at the exterior of the image forming apparatus 
is used, since calibration can be performed actually 35 
inside the apparatus, it is thereby unnecessary to take 
measurement errors, which are caused by temperature 
difference between inside and outside the apparatus, 
into consideration. 

[0140] Since the casing 140 is supported by the 40 
bearings 150, the measurement distance H between 
the measurement surface of the colorimeter 144 and 
the image receiving paper 40 can be maintained at a 
predetermined value. Further, the casing 140 is sup- 
ported stably at three points of support by the bearings 45 
150. Accordingly, it is possible to move the casing 140 
naturally in conformity with curves of the base plate 52 
and variations in thickness of the image receiving paper 
40. As a result the colorimetry apparatus 34 can per- 
form colorimetry while automatically maintaining the so 
measurement distance H at a predetermined value 
without using expensive computers or the like. 
[0141] In the present embodiment the reflective 
photosensor 148 is used when the first reference line 
104 and the second reference line 106 are detected, ss 
However, the present invention is not limited to the 
same. Instead of this reflective photosensor 148, for 
example, the first reference line 104 and the second ref- 



erence line 106 can be detected by using the colorime- 
ter 144. Or, instead of the reflective photosensor 148, a 
densitometer can be provided so as to detect the first 
reference line 104 and the second reference line 106. 
[0142] The colorimetry apparatus 34 is used in a 
state of being built-in in the image forming apparatus 
14. However, the present invention is not limited to the 
same. Since the test image formed on the image receiv- 
ing paper 40 and the position data of the test image data 
can be aligned accurately on the basis of the first refer- 
ence line 104 and the second reference line 106, the 
colorimetry apparatus 34 can be used as an option of 
the apparatus 14 in a state of being disposed at an 
external portion of the image forming apparatus 14. 
[0143] After the alignment has been performed by 
detecting the first reference line 104 and the second ref- 
erence line 106, the colorimetry apparatus 34 begins 
colorimetry of each of the patches 103. However, the 
present invention is not limited to the same. For exam- 
ple, even after colorimetry has begun, the second refer- 
ence line 106 can be detected when colorimetry is 
carried out for each of the patches 103 in each row of 
the test image. In this case, more accurate alignment 
and calibration can be ensured. 

[0144] Alignment of the test image formed on the 
image receiving paper 40 and the position data of the 
test image data to be corrected is performed by using 
the first reference line 104 and the second reference 
line 106. However, the present invention is not limited to 
the same. For example, three or more reference lines 
can be formed on the test image. Or, instead of those 
reference lines, specific marks such as circles or 
squares can be used. 

[0145] Calibration in the image forming apparatus 
14 which forms color images has been explained 
herein. However, the present invention is not limited to 
the same. Calibration according to the present invention 
can be applied to an image forming apparatus which 
forms gray scale images. 

[01 46] In order to detect inclination of the test image 
102 on the image receiving paper 40 with respect 
thereto, the colorimeter 144, which is set at a central 
position of the image receiving paper 40 in the width- 
wise direction thereof, is moved to the right end portion 
of the image receiving paper 40. However, the present 
invention is not limited to the same. For example, the 
colorimeter 144 can be made to move from the width- 
wise direction central position of the image receiving 
paper 40 to the left end portion of the image receiving 
paper 40. and then be made to move to the right end 
portion thereof. During the movement of the colorimeter 
144 from the left end portion to the right end portion of 
the image receiving paper 40. the time over which the 
reflective photosensor 148 has been detecting the first 
reference line 104 is measured so that the inclination of 
the test image 102 with respect to the image receiving 
paper 40 can be measured with high accuracy. 
[0147] Each time when colorimetry for the patches 
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103 in a row is completed, the image receiving paper 40 
is conveyed slightly so that colorimetry for the entire 
region ol the test image 102 is carried out However, the 
present invention is not limited to the same. For exam- 
ple, colorimetry for the respective patches 103 can be 
carried out while the image receiving paper 40 is contin- 
uously conveyed at a predetermined speed. 
[0148] The metal bearings 150 are used to support 
the colorimetry apparatus 34 to move on the image 
receiving paper 40. However, the present invention is 
not limited to the same. If damage to the surface of the 
image receiving paper 40 is a matter of concern, bear- 
ings or rollers which are made from resin or rubber 
materials can be used. Or, circumferential surfaces of 
members contacting the image receiving paper 40 can 
be covered with resin or rubber. 

[0149] The number of the bearings 150 and the 
positions where the bearings 150 are mounted to the 
casing 140 are not particularly limited provided that the 
bearings 150 are able to support the casing 140 stably. 
[0150] Further, in the present embodiment align- 
ment of the colorimeter and the test image has been 
performed by using the first reference line 104 and the 
second reference line 106 as marks. However, align- 
ment can also be performed by using one of these ref- 
erence lines 104 and 106 in combination with moving 
pulses generated from the colorimeter 144. 
[01 51 ] It is a main object of the present invention to 
perform a calibration inside the image forming appara- 
tus. By doing this, calibration is carried out almost under 
the same circumstances as in an actual image record- 
ing processing. Accordingly, measurement errors due to 
environmental difference can be cancelled, and align- 
ment of a recording material (i.e., an image receiving 
material) having the test image recorded thereon is 
facilitated. As a result in the present embodiment an 
object to be corrected was an exposure amount of the 
image receiving material (or the recording material). 
However, the present invention is not limited to the 
same. For example, if the control of temperature of the 
heat-developing drum 84 is performed with a high 
degree of accuracy, the resulting temperature of this 
drum 84 can be an object to be corrected. 
[0152] Further, in the present embodiment a heat- 
developing/transferring apparatus has been listed as 
the image forming apparatus. However, the present 
invention can be applied to another image forming 
apparatus such as a photographic printer in which 
images are formed by scanning a laser beam, an LED. 
or the like and exposing a photosensitive material, a 
printer in which images are formed on plain paper with 
toner by scanning a laser with a laser scanning system 
and exposing an image carrier, or images are formed by 
scanning a dye while discharging or spraying the dye in 
an ink jet spraying system, or the like. 
[01 53] According to the present invention, it is pos- 
sible to provide an image forming apparatus which has 
a colorimeter which measures density or color of an 



image, and which is capable of realizing calibration with 
high accuracy. 

Claims 

5 

1. An image forming apparatus for forming an image 
on a recording material, having a calibration device, 
the calibration device comprising : 

io storing means for storing test image data for 

calibration; 

image recording means for, on the basis of the 
test image data stored in advance in said stor- 
ing means, recording a test image on the 
15 recording material; 

measuring means for measuring density or 
color of the test image recorded on the record- 
ing material by said image recording means; 
and 

20 correcting means for, on the basis of the results 

of measurement by said measuring means, 
correcting density unevenness or color uneven- 
ness of the test image. 

25 2. An image forming apparatus according to claim 1, 
wherein said correcting means compares the 
results of measurement by said measuring means 
and the test image data stored in advance in said 
storing means for each of measuring positions at 

30 which density or color of said test image is meas- 
ured, and determines a correction value of density 
unevenness or color unevenness at each measur- 
ing position. 

35 3. An image forming apparatus having a calibration 
function for correcting density or color unevenness 
of an image, caused by non-uniformity of tempera- 
ture on a surface of a heat-developing drum, on the 
basis of a test image which is recorded on a record- 

40 ing material in accordance with test image data for 
calibration: 

detecting means for detecting marks which are 
formed on said recording material and which 

45 specify a position of said test image; 

measuring means for, on the basis of said 
marks detected by said detecting means, 
measuring density or color of the test image 
formed on said recording material due to a cor- 

50 respondence between said test image formed 

on said recording material and position data of 
said test image data stored in advance in said 
storing means, to each other; and 
correcting means for correcting density une- 

55 venness or color unevenness of the test image 

by comparing the results of measurement by 
said measuring means and density or color of 
said test image data stored in advance in said 
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storing means. 

4. An image forming apparatus according to claim 3, 
wherein mark data for recording said marks forms a 
part of said test image data. s 

5. An image forming apparatus according to claim 3. 
wherein a home position of said measuring means 
is determined due to a correspondence between 
said test image formed on said recording material io 
and position data of said test image data stored in 
advance in said storing means, to each other. 

6. An image forming apparatus according to claim 3, 
wherein said measuring means is able to move in a is 
direction orthogonal to a conveying direction of said 
recording material, and is moved in said direction 
orthogonal to the conveying direction of said 
recording material while conveying said recording 
material so that a test image is scanned. 20 

7. An image forming apparatus according to claim 3, 
wherein said mark is at least one of a first mark 
formed along the conveying direction of said 
recording material and a second mark formed 25 
along the direction orthogonal to the conveying 
direction of said recording material. 

8. An image forming apparatus according to claim 7, 
wherein a home position of said measuring means 30 
is determined on the basis of the number of moving 
pulses generated by said detecting means when 
said first mark or said second mark is detected. 

9. An image forming apparatus according to claim 3, 35 
wherein said correcting means corrects an expo- 
sure amount of said recording material on the basis 

of the results of measurement by said measuring 
means. 

40 

10. An image forming apparatus according to claim 3, 
wherein said image forming apparatus is a heat- 
developing/transferring apparatus in which a photo- 
sensitive material is irradiated with a light beam so 

as to be exposed, and in which the photosensitive 45 
material and an image receiving material are lami- 
nated to each other, and conveyed while contacting 
a heat-developing drum, thereby being subjected to 
heat-developing/transferring processing so that an 
image is formed on the image receiving material. so 

11. An image forming apparatus according to any one 
of claims 3 to 10, wherein said mark is a line mark, 
and said detecting means has inclination measur- 
ing means for, on the basis of the first mark or the ss 
second mark, measuring inclination of the test 
image formed on said recording material with 
respect thereto, and if inclination measured by said 



inclination measuring means is at least equal to a 
predetermined value, said detecting means stops 
the measurement by said measuring means, and 
outputs information expressing that an error has 
occurred. 
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